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1.-Introduction
Despite the large number of reported zeolites, [1] the discovery of a new material with unique structural characteristics, such as pore shape, size and channel dimensionality, is always attractive because of potential new and/or improved applications. [2] Zeolites are widely used as catalysts, and probably one of their most stunning features is their capability to induce different product selectivities depending on pore topology. [3] In this sense, the preparation of new zeolites with intersecting different sized channels allows the selective diffusion of reactants with different dimensions, with potential unique molecular traffic through the zeolite, and inducing more favorable orientations to react and give the desired product.
[4]
Important advances have been achieved in the synthesis of structures with intersecting extralarge and large, [5] extra-large and medium, [6] and specially, large and medium [7] pores. This last type of zeolites can also be of potential practical interest because they can combine in the same solid the pore topologies of medium and large pore zeolites.
Recently, we have reported the synthesis of a new complex structure, ITQ-39 zeolite, which is formed by an intergrowth of three different polymorphs, all of them containing threedimensional intersecting pair-wise 12-membered rings (MR) and 10-MR pore systems. [8] ITQ-39 has been synthesized as silicoaluminate using as organic structure directing agent (OSDA) large dicationic piperidine derivatives (see OSDA2 and OSDA3 in Figure 1 ). Those OSDAs show a dramatic phase directing effect when their size and shape is tailored by introducing methyl, ethyl or propyl chains. [9] Indeed, ITQ-39 can be synthesized in a broader Si/Al ratio when OSDA3 is used instead of OSDA2, avoiding in such case the crystallization of the competing ZSM-5 phase.
One of the polymorphs conforming ITQ-39, polymorph C (ITQ-39c), contains double four member-rings (D4R) in its structure, [8] but is only present in 10% enrichment in the ITQ-39 intergrowth. It is well known the directing effect of Ge towards zeolites containing D4R in their structure.
[10] Indeed, the proposed theoretical structures for polymorph C of Beta zeolite family [11] and polymorph C of CON family, [12] both containing D4R in their frameworks, were first synthesized as pure phases when Ge was introduced, together with Si, in the gel preparation (ITQ-17 and ITQ-24, respectively).
[13]
Here, we will show a complete and rational experimental study with the main objective to direct the synthesis of ITQ-39c zeolite or other related zeolites containing large and medium pores having D4R in their structures. As it will be described, a new zeolite has achieved, ITQ-38, which is closely related to the polymorph C of ITQ-39. Both contain similar framework density (16.1 T atoms/1000 Å 3 ), share a common plane along the [100] structure projection, and both are built from the same building unit. The discovery of ITQ-38 and its structural elucidation further confirms the excellent directing effect of dicationic piperidine molecules towards zeolites with interconnected large and medium pore zeolites when working in the adequate synthesis conditions.
2.-Experimental

2.1.-OSDAs synthesis
The syntheses of OSDA2 and OSDA3 have been previously described. [9] OSDA1 was prepared as follows: 10 g of pyrrolidine (Sigma-Aldrich, 99%) was dissolved in 100 ml of ethanol (SigmaAldrich, >99 %). The solution was acidified with HCl (Fluka, 5 N in methanol) until pH = 7.5, cooling down the mixture continuously at 273 K. Then, 10 g of 1-methyl-4-piperidone (SigmaAldrich, 99 %) was added, followed by 3.5 g of sodium cyanoborohydride (NaBH3CN, Fluka, >95 %). The resultant mixture was stirred during 72 hours at room temperature.
Next, HCl is added slowly until pH close to 2, being the HCN removed by nitrogen flow. The resulting solution was concentrated and then, a KOH solution was added until pH > 12. The mixture was satured with NaCl. Finally, the diamine 1-methyl-4-pyrrolidin-1-yl-piperidine (MPP) was extracted with diethyl ether and dried with anhydrous MgSO4.
10.4 g of MPP was dissolved in 80 ml of MeOH, and then, 42 g of methyl iodide was added.
After 7 days under stirring at room temperature, a white precipitated was achieved, being filtered and washed with methanol and diethyl ether. Finally, the solid was dried under high vacuum. The iodide salt was converted to the hydroxide salt by treatment with a hydroxide anion exchange resin.
2.2.-Zeolite synthesis
In a typical zeolite synthesis procedure, boric acid (99.5%, Aldrich) or alumina (74.6%, Condea) and germanium oxide (99%, Aldrich) were dissolved in the OSDA hydroxide solution. Colloidal silica (Ludox AS-40, Aldrich) was added, followed by NH4F (98%, Aldrich) if necessary. The gels were allowed to reach the desired water ratio by evaporation, and then, transferred to a
Teflon lined stainless autoclaves and heated at 175ºC during 14 days. The solids were recovered by filtration, extensively washed with distilled water, and dried at 90ºC overnight.
2.3.-Characterization
X-ray powder diffraction (XRPD) data were collected using a Panalytical X'Pert PRO diffractometer with Bragg-Brentano geometry, using CuKα radiation (λ1=1.5406Å, λ2=1.5441Å, I2/I1=0.5; divergence slit: fixed = 1/16º; goniometer arm length: 240mm; detector: Panalytical X'Celerator; tube voltage and intensity: 45 kV, 40 mA; scan range: 3.0º to 75.0º (2θ), scan step size: 0.017º (2θ); counting time: 2400s/step). Prior to the measurement of the calcined material, the sample was calcined in situ at 823K for 5 hours under a continuous flow of dry air in an Anton Parr XRK-900 reaction chamber attached to the diffractometer, and allowed to cool again at room temperature.
High-resolution powder diffraction data for crystalline ITQ-38 were collected at Beamline BM01B at ESRF (λ=0.5198Å), using a calcined sample placed in a sealed glass capillary. The morphology of the samples was studied by scanning electron microscopy (SEM) using a JEOL JSM-6300 microscope.
Textural properties were determined by Ar and N2 adsorption-desorption isotherms measured at 87 and 77 K, respectively with a Micromeritics ASAP 2020. 
3.1.-Synthesis
As it has been described above, germanium shows a remarkable directing effect towards zeolites containing D4R units. [10] This fact is explained because Ge-O-Si angle is smaller than Si-O-Si, stabilizing the D4R cages when Ge atoms are present. [14] Also, a similar directing effect has been also observed when syntheses are carried out in presence of fluoride anions. [15] In this case, it has been observed that fluoride ions are preferentially located inside of D4R units, stabilizing those small cages by the formation of five-coordinated SiO4/2F -units. [16] Following those two premises, we designed two sets of exploratory experimental designs for synthesis of new porous materials in presence of Ge and fluoride anions (see Table 1 ). Synthesis variables such as germanium, boron, aluminium, and gel concentration, were investigated using dicationic piperidine derivatives OSDA1 and OSDA2 (see Figure 1 ). A total of 30 experiments were performed, achieving the two phase diagrams summarized in Figure 2A and 2B. As it can be seen, BEC zeolite is formed in presence of high Ge contents in the synthesis gel for both
OSDAs. This is not surprising, since BEC has been often described as one of the most stable structures in Ge-rich gels with a large variety of OSDAs. [13a] However, the phase selectivity is very different depending on the size and flexibility of the used OSDA when working at higher Si/Ge ratios. The medium-sized OSDA1 directs to the formation of the chlatrate octadecasil (AST), which structure is also rich in D4Rs, while the large-sized and flexible OSDA2 directs towards the formation of ZSM-5 (MFI) structure. This outcome has been rationalized by the similar flexibility of OSDA2 and TPA, which is the preferred OSDA for MFI synthesis. [9] From those previous findings, we can conclude that three very stable phases (BEC, AST, and MFI) are formed in most of the explored areas, when syntheses are carried out in fluoride media. However, the fact that AST chlatrate is obtained in a wide range of reaction conditions when OSDA1 is used as template, reveals the higher directing effect of Ge and F than the organic molecule, since ¾ of the total T-sites in AST chlatrate are located at D4R units. Taking all the above into account it appears that a different strategy must be applied in order to obtain open structures and, most importantly, to change significantly the phase selectivity towards structures other than the very stable BEC, AST and MFI.
Recently, the remarkable impact of the mobilizing agent (hydroxide or fluoride anions) in zeolite synthesis on phase selectivity has been reviewed by Zones et al. [17] They describe that materials with open structures (low framework densities) can be achieved in alkaline media in presence of large aluminium or boron content under diluted conditions. [18] Then, following that premise, we decided to move towards alkaline media in order to study the phase selectivity of OSDA1 and OSDA2. The experimental design for the study in alkaline media is described in Table 2 , where a total of 48 new experiments for both OSDAs are summarized. As seen in Figure 3 , different phases are achieved in alkaline media that in fluoride media. OSDA2 directs the formation of Beta or MFI depending on the gel dilution, while OSDA1 directs the crystallization of BEC, AST, and mixtures of them in several synthesis conditions. However, in diluted concentrations (H2O/T IV = 10), a different unknown phase is also obtained as a mixture of phases together with BEC and AST. This new material is named ITQ-38.
ITQ-38 appears preferably at the highest gel dilution and using a Si/Ge ratio of 5.
Consequently, a new set of conditions was defined for optimizing the preparation of ITQ-38, and involve two H2O/T IV ratios, three Si/Ge values, and different aluminium and boron contents, yielding an experimental design with 24 experiments (see Table 3 ). As seen in Figure   4 , pure ITQ-38 was achieved in presence of boron, Si/Ge ratios of 5 and 10, and high dilution obtain an accurate experimental pore distribution by applying the Howarth-Kamazoe formalism. As seen in Figure 8 , a bimodal narrow pore distribution centered at 5.5 and 6.6 Å is observed, indicating that the ITQ-38 may present a large and medium pore channel system in its structure. The relative high adsorption capacity also suggests that this zeolite may be formed by a tridirectional system of pores.
Additionally, scanning electron microscopy (SEM) images (see Figure 9) shows very small crystallites (0.1-0.2 µm). This crystal size precludes the solution by X-ray single-crystal diffraction methods.
Then, the structural elucidation of the ITQ-38 zeolite has been attempted from high-resolution X-ray powder diffraction (HR-DRPX) data collected using synchrotron radiation (see XRD pattern in Figure 10 ). The XRD pattern was successfully indexed in a monoclinic unit cell (a=13.02 Å, b= 12.70 Å , c=21.25 Å, β=96.87º, V=3489 Å 3 ) using the program TREOR [19] , and the study of the systematic extinctions suggests as possible space groups P2, Pm or P2/m.
However, the large peak overlapping even at very low 2θ angles due to the low symmetry of the material, the large complexity of the cell due to its framework density (experimental density = 15.9 T/1000Å 3 ) and relative large size, and, as observed later, the presence of stacking faults in the framework, precluded the structure resolution by X-ray powder diffraction (XRPD) direct methods. Consequently, transmission electron microscopy (TEM) methods were applied to solve the framework topology of ITQ-38.
ITQ-38 zeolite has been extensively studied by TEM. As seen in Figure 11 , ITQ-38 contains prefect single crystals that give sharp diffraction spots (Figure 11 -left), as well as small areas with intergrown crystals that give streaks in ED pattern (Figure 11-right) . The presence of those nano-sized intergrowth domains makes the structure resolution of ITQ-38 not achievable using only X-ray powder diffraction data. However, crystallographic structure factor phases, required for structure solution, can be directly obtained from high resolution transmission electron microscopy (HRTEM) images. [20] Following this methodology, very complex structures have been resolved in the last years.
[21]
In this case, a new unit cell (a=23.59 Å, b=12.85 Å, c=21.22 Å and β=147.16º) related to the previous one determined from XRPD has been obtained. The determination of the complete ITQ-38 framework structure has been accomplished using those unit cell parameters. The structure model has been refined geometrically with a distance least squares refinement, projection, further confirms the structure (see Figure 12 ). To confirm that the determined structure was representative of the whole sample, the unit cell parameters and symmetry of zeolite ITQ-38 were confirmed by a LeBail refinement of the experimental X-ray powder diffraction (XRPD) pattern collected using the laboratory diffractometer. The final refined cell parameters obtained using the program FullProf [22] were Table 4 .
3.3.-Comparison between ITQ-38 and ITQ-39c
The Please also note that in ITQ-39c the four T atoms in the middle of the connecting unit fall very close to each other and have 0.5 occupancy.
4.-Conclusions
By rationalization of the synthesis procedure, it has been possible to direct the synthesis of a new zeolite, ITQ-38, containing large and medium pores in its structure. The structure has been elucidated by transmission electron microscopy, revealing the presence of very small intergrowth domains with IWW zeolite. This new material is highly related to the recently described polymorph C of ITQ-39 (ITQ-39c), which is only present in 10% enrichment in the ITQ-39 intergrowth zeolite. Those two zeolites, ITQ-38 and ITQ-39c, contain the same [100]
projection and both are built from the same building unit. The optimization of the synthesis conditions of ITQ-38, together with rational studies of dicationic piperidine derivative molecules as OSDAs, is a current subject of interest on our group. 
